Abstract: Fullerene receptors prepared by a twofold Cu I -catalyzed azide-alkyne cycloaddition (CuAAC) reaction with -extended tetrathiafulvalene (exTTF) have been covalently linked to singlewalled carbon nanotubes (SWCNTs) and multi-walled carbon nanotubes (MWCNTs). The nanoconjugates obtained were characterized by several analytical, spectroscopic and microscopic techniques (TEM, FTIR, Raman, TGA and XPS), and evaluated as C 60 receptors by UV-Vis spectroscopy. The complexation between the exTTF-triazole receptor in the free state and C 60 was also studied by UV-Vis and 1 H NMR titrations, and compared with analogous triazole-based tweezer-type receptors containing the electron-acceptor 11,11,12,12-tetracyano-9,10-anthraquinodimethane (TCAQ) and benzene rings instead of exTTF motifs, providing in all cases very similar values for the association constant (log K a  3.0-3.1). Theoretical density functional theory (DFT) calculations demonstrated that the enhanced interaction between the host and the guest upon increasing the size of the -conjugated arms of the tweezer is compensated by an increase in the energy penalty needed to distort the geometry of the host to wrap C 60 .
Introduction
The discovery of fullerenes and carbon nanotubes (CNTs) expanded the family of carbon nanostructures three decades ago.
[1] Both nanomaterials are extreme cases demonstrating that the electronic currents can survive even upon drastic distortion from planarity.
[2] Besides the singular shape and geometry of these carbon nanostructures, their mechanical, thermal and optoelectronical properties have aroused a huge interest for applications in different fields such as organic electronics and drug delivery. [3] Many efforts have been invested for improving the low solubility of fullerenes and CNTs, and to modulate their intrinsic properties by means of different chemical strategies, either by covalent and non-covalent methods.
[4] Whereas the noncovalent functionalization of fullerenes and CNTs endows them with a suitable solubility while preserving their major structural characteristics, the covalent functionalization entails the saturation of some of the sp 2 carbons forming their -conjugated structure. As expected, the stability of the non-covalent hybrids is significantly influenced by the experimental conditions (solvent, pH, temperature, etc.), whereas the covalent functionalization results in more stable products. [5] Within the different strategies to functionalize fullerenes, one of the most challenging research topics has been the development of suitable receptors or hosts that, on the basis of non-covalent bonding, are able to recognize selectively different fullerene sizes or different fullerenes from carbon soot.
[6] Several motifs and structures have been reported to strongly associate with fullerenes by establishing -, CH−, and electrostatic interactions or coordination bonds. Planar molecules such as porphyrins have been employed as popular receptors, [7] even though their planar structure do not match the curved geometry of fullerenes, thus diminishing the association constants and the through-space electronic communication. Bowl-shaped π-conjugated molecules such as subphthalocyanines, [8] subporphyrins, [9] modified truxenes, and corannulenes [10] have also been investigated as fullerene receptors. However, their relatively weak electron-donating properties compared with those of porphyrins usually require the presence of additional substituents in order to increase their binding ability toward fullerenes in solution. The development of tweezer, [11] box/ring, [12] and cage hosts [13] has resulted in receptors with a high affinity and good selectivity towards certain fullerene homologues.
Following the tweezer-type strategy, 9,10-bis(1,3-dithiol-2-ylidene)-9,10-dihydroanthracene (exTTF) derivatives were investigated as recognizing motifs for fullerenes. [14] In these systems, besides - and charge-transfer interactions, a specific contribution to the overall stabilization of the complex arosing from the concave-convex pairing between exTTF and fullerenes has been validated. [15] On the basis of this background, the aim of this work was to study the behavior of a tweezer-like receptor based on exTTF as recognition motif for C 60 when covalently supported on CNT surfaces. These carbon nanotube-C 60 nanohybrids were assembled in a tricomponent electroactive system with the aid a]of covalent and non-covalent methodologies. The CNT-exTTF tweezer nanoconjugates were synthesized by a well established methodology in the covalent chemistry of carbon nanoforms that combines arylation under Tour conditions and Cu I -catalyzed azide-alkyne cycloaddition (CuAAC) reactions. [16] The host−guest complexes formed between the CNT-exTTF tweezer and C 60 were investigated by UV−Vis spectroscopy. In order to unveil the interactions involved in the formation of the hostfullerene complex, the complexation of C 60 with the exTTF tweezer receptor, as well as two analogous systems that contain a 11,11,12,12-tetracyano-9,10-anthraquinodimethane (TCAQ) [17] and benzene as recognition motifs instead of exTTF, was studied by 1 H NMR titrations and theoretical calculations.
Results and Discussion

Synthesis and characterization of CNT-based receptors
The preparation of single-walled carbon nanotubes (SWCNTs) and multi-walled carbon nanotubes (MWCNTs)-based receptors for C 60 started with the synthesis of the exTTF tweezer receptor 4, achieved by a Cu I -catalyzed 1,3-dipolar cycloaddition followed by the conversion of the chloride 3 to the final azide (Scheme 1). The reaction of 3,5-bis(propargyloxy)benzyl chloride 1 [18] and the azido-containing exTTF 2 [19] proceeded under standard conditions, [20] in very low yields due to the precipitation of the monoaddition intermediate. The use of DMSO under microwave irradiation allowed to keep the intermediate solubilized during the reaction, and to synthesize chloride 3 with a 65% yield. Once compound 4 was synthesized, CNT endowed with protected allkyne functionalities (SWCNT-1 and MWCNT-1), previously obtained by following a Tour arylation reaction, [16] were suspended in N-methyl-2-pyrrolidone (NMP) and reacted with tetrabutylammonium fluoride (TBAF) to deprotect the alkyne groups, which were subsequently reacted with 4 in a new Cu Icatalyzed 1,3-dipolar cycloaddition process (Scheme 2).
The CNT-2-based nanoconjugates (SWCNT-2 and MWCNT-2) were characterized by different microscopic, spectroscopic, and analytical techniques. The nanoconjugates morphology was investigated by TEM and did not reveal significant differences from the starting materials ( Figure S1 ). For instance, SWCNT-2 are observed as bundles of large diameters, coexisting with individual nanotubes disentangled by the covalent modifications performed. FTIR spectra showed the appearance of the stretching mode of the alkyne functional group (2156-2159 cm -1 ) of SWCNT-1 and MWCNT-1, and the consecutive disappearance after the CuAAC cycloaddition to afford SWCNT-2 and MWCNT-2 ( Figure  S2 shows the evolution for the SWCNT samples). The band due to the C=C skeletal in-plane vibrations of CNT were discerned at 1597 cm −1 for SWCNT-2 and at 1585 cm −1 for MWCNT-2. The presence of aliphatic C−H stretching modes, due to defects or rim terminations, are located between 2950 and 2850 cm Raman spectroscopy complemented the data obtained from the FTIR. For SWCNT-2 (Figure 1) , the radial-breathing-mode (RBMs) bands between 186 and 270 cm -1 are related to the diameter and chirality of the SWCNT, and indicate the presence of both metallic and semiconducting SWCNT and a range of diameters between 0.8 and 1.5 nm. Furthermore, the two characteristic bands of carbon nanotubes were observed in the Raman spectra of SWCNT-2 (Figure 1 ) and MWCNT-2 ( Figure  S3 ): the D mode (sp 3 carbons; i.e., defect band) located at ca. 1300 cm -1 , due to disorder on the carbon hexagonal lattice of the CNT sidewalls, and the G mode, which corresponds to the stretching mode in the graphite (sp 2 carbons). For SWCNT-2, the two components of the G band are distinguished: G + (1594 cm ) related with vibrations of carbon atoms along the circumferential direction of the SWCNT. In addition, the overtone mode G' related to the D band was observed in SWCNT and MWCNT samples (Figure 1 and Figure S3 ). [21] For these samples, the intensity ratio between the D and G bands, I D /I G ratio, increases significantly as a consequence of the formation of sp 3 carbons upon covalent functionalization (0.064 for pristine SWCNT, and 0.283 for SWCNT-1 and SWCNT-2). The I D /I G ratio increases only slightly from MWCNT to MWCNT-2 ( Figure S3 ). Thermogravimetric analysis (TGA) measurements were performed in order to evaluate the degree of functionalization ( Figures S4 and S5 ). As expected, a higher degree of functionalization was obtained for SWCNT-1 when compared to MWCNT-1. [16] In contrast, a similar weight loss is observed in MWCNT-2 compared to SWCNT-2 under the same experimental conditions, what involves a better efficiency in the CuAAC of MWCNTs. This finding may be rationalized by two main reasons. For SWCNTs, the higher degree of functionalization in SWCNT-1 implies a closer distance between alkyne functional groups that may hinder the consecutive addition of the exTTF-triazole tweezer 4 to the nanotube surface, thus decreasing the efficiency of the CuAAC reaction. For MWCNTs, the better solubility of MWCNTs favors the reaction. The total decomposition due to the SWCNT-2 functionalization was 40%, which shows a 15% increase compared to SWCNT-1. For MWCNT-2, the weight loss is 41% (49% total weight loss). The analyses performed by X-ray photoelectron spectroscopy (XPS) allowed the observation of the elements present in the samples (Figure 2 and S6) . The recorded spectra for SWCNT-2 and MWCNT-2 exhibit the corresponding signals for carbon (284.6 eV), oxygen (532.6 eV), nitrogen (399.6 eV), and sulphur (169.6 eV). The contribution of the different kind of carbon atoms was evidenced after deconvolution of the C 1s core level contribution (C sp 2 and C sp 3 , C=O, C−O, C−N and * shake up). [22] In a similar manner, the two different contributions to the N 1s energy level signal for SWCNT-2 and MWCNT-2 corroborated the formation of the triazole rings as a consequence of the CuAAC reaction. [23] The peak corresponding to the S 2p at 170 eV was an evidence of the presence of the exTTF motifs. [16] Figure 2. XPS survey spectrum of MWCNT-2. Insets depict the C 1s and N 1s components deconvolutions.
Complexation studies
Nanoconjugates SWCNT-2 and MWCNT-2 are suitable host candidates to recognize fullerenes since they bear exTTFtriazole-based molecular tweezers. Prior to the investigation of the complexation ability of these nanomaterials, the ability of the free receptor 4 to recognize C 60 was tested in solution UV-Vis titration experiments (for experimental details, see the Supporting Information). Cps decrease of the maximum at 438 nm is accompanied by the emergence of the well established charge-transfer band associated to tweezer exTTF•C 60 complexes at 480 nm.
[14a]
Moreover, the appearance of an isosbestic point at 460 nm is suggestive of a 1:1 stoichiometry, as previously observed in other exTTF-based receptors. [14] To determine the association constant (K a ), the corrected absorbances at 438 nm were plotted and exhibit a sigmoidal pattern, which was consequently fitted to Hill's equation obtaining the better result for a Hill coefficient of n H = 1.4 and log K a = 3.51 ( Figure S7 ).
[14a] This sigmoidal pattern, and the interaction coefficient reflected in n H , might be an indication of cooperativity between the different binding sites of exTTF in the formation of the complex or the evidence of remarkable conformational changes in the tweezer structure upon binding to C 60 (see theoretical section for further details). [24] The construction of the corresponding Job's plot supports a 1:1 binding stoichiometry between 4 and C 60 , with a maximum centered at a molar ratio of 0.5 ( Figure S7 ).
Subsequent investigations were carried out in titrations using SWCNT-2 and MWCNT-2 as hosts. The hosts (2 mg) were suspended in o-dichlorobenzene (oDCB) and sonicated during 30 min to improve the nanoconjugates disaggregation. A C 60 (1 × 10 -5 M) stock solution in the same solvent was utilized for carrying out the additions.
In the case of SWCNT-2, the SWCNT absorption precluded the observation of the band peaking at 438 nm associated with the exTTF unit. However, the presence of an isosbestic point at 630 nm and the decrease of the SWCNT absorption upon addition of C 60 [25] might be an indication of the formation of the supramolecular complex between SWCNT-2 and C 60 (Figure 4 , bottom). The titration of MWCNT-2 with C 60 showed a similar behaviour: a decrease in the MWCNT absorption over 650 nm, with an isosbestic point at 630 nm (Figure 4 , top). Nevertheless, the MWCNT lower absorption compared to SWCNT allowed the observation of a decrease in the intensity of the exTTF absorption at = 438 nm, accompanied by the increase of a broad band in the 475-600 nm region, which matches the charge transfer from exTTF to C 60 observed in analogous molecular systems. [14, 20] Therefore, the formation of the supramolecular complex not only affects the absorption features of C 60 and exTTF, but also those of MWCNT and SWCNT, resulting in a decrease of their absorbances and the formation of new isosbestic points upon the addition of C 60 .
With the aim of deepening the knowledge of the host-guest interactions involved in the overall stability of the triazole tweezer-C 60 complexes, we designed and synthesized two close analogues of host 4 in which the size, geometry, and electronic character of the recognizing units were selectively tuned. As shown in Figure 5 , receptors 5 and 6 preserve the central scaffold and change the exTTF units by TCAQ or benzene.
Receptor 6 was synthesized following a previously reported method. [18] For the synthesis of receptor 5, 2-azidomethyl-9,10-bis-(dicyamomethylen)anthracene was obtained by Lehnert's condensation [26] of malononitrile and 2-(azidomethyl) anthraquinone. [27] The reaction of 3,5-bis(propargyloxy)benzyl chloride 1 [18] and the azido-containing TCAQ proceeds via a Cu -3 M) in order to keep constant the concentration of the host. Limitations in the solubility of the triazole-based receptors and C 60 prevented to reach complete saturation of the system in the titrations, providing some degree of uncertainty in the calculated binding constants. However, the estimated values are in the range of log K a  3.0-3.1, as expected for these type of receptors and suitable for performing comparative analyses.
In the titration of 4, the signals corresponding to the central benzene ring protons in the tweezer, and to the protons at positions C1, C3 and C4 of the anthracene skeleton (ring closest to triazole) of exTTF, exhibited the highest shifts (up to 0.025 ppm). In contrast to the protons of the 1,3-dithiole rings, which remain mostly unaltered, the proton in the triazole ring and the aromatic signals of the protons at positions C5, C6, C7 and C8 of the anthracene skeleton of exTTF also exhibited observable shifts ( Figures S8-S12) . A remarkable feature in the titration is the change in the doublet of doublets (dd) signal at 7.18 ppm for the proton at position C3 of the anthracene skeleton of exTTF, which decreased at the time that a new singlet appears at 7.36 ppm (Figure 6 ) in a slow rate exchange in the NMR time scale. The observed shifts were plotted and fitted (see details in the Supporting Information), affording similar values for all the considered signals, with an average value for log K a = 3.1 (Table S1, Figure S13 ). 1 H NMR titration experiment for system 4•C 60 enhancing the changes in the 7.18 ppm dd signal of the anthracene skeleton and the appearance of a new singlet at 7.36 ppm. The signal of CDCl 3 has been suppressed for clarity.
Compared with a family of previously reported tweezers in which the two exTTF or TCAQ units were directly attached to a central isophthalic diester moiety, [15] the new receptors 4 and 5 bear a larger central platform and were expected to show an enhanced fullerene recognition ability. However, the log K a values estimated for 4-5•C 60 , in the range of 3.05-3.12, are similar to those previously obtained (log K a = 2.90-3.48). As discussed below on the basis of theoretical calculations, the extension of the central core not only promotes a larger amount of noncovalent interactions but also gives additional flexibility to the tweezer, which may result in larger deformation energies, thus balancing the net C 60 affinity.
The 1 H NMR signals of 5 upon increasing C 60 addition revealed observable shifts in the triazole (7.95 ppm), central phenyl ring (6.62 and 6.58 ppm) and CH 2 Cl (4.48 ppm) signals (Figures S14-S17 ). On the other hand, very small changes were observed in the signals assigned to the anthracene skeleton of TCAQ ( Figures S18-S19) . The singlet signal corresponding to the methylene group between the TCAQ unit and the triazole remained almost unaltered, but the other methylene group, close to the central ring, showed a small shift. The data fitting revealed very similar values for the association constant to those obtained for 4•C 60 (Table S1, Figure S20) .
The 1 H NMR titration of host 6 with increasing amounts of C 60 revealed the same tendency, demonstrating observable shifts in the triazole (7.55 ppm), central phenyl ring (6.60 and 6.54 ppm), and CH 2 Cl (4.46 ppm) signals, whereas the side phenyl rings signals were almost unaltered ( Figures S21-S24) . The data fitting yield results in the same line than for the other two studied systems (Table S1, Figure S25 ).
In view of the obtained results, the triazole ring and the central phenyl ring seem to play a leading role in the interaction with C 60 for the three different host systems studied. According to the experimental findings, the benzene ring closer to the triazole ring in the exTTF and TCAQ skeletons also participate in the complexation with the C 60 unit. These observations are in agreement with that found with host 6, endowed with phenyl rings at terminal positions. These main contributions to the complex formation might account for the similar binding constants estimated for all host-guest systems.
Theoretical calculations
In order to shed light on the supramolecular complexation between hosts 4-6 and guest C 60 , and to understand the negligible effect of the peripheral tweezer groups into the binding constant, we performed theoretical calculations under the density functional theory (DFT) framework. Due to the high conformational freedom of hosts 4-6, symmetry-restricted C s geometry optimizations were performed at the B97D/6-31G** level to obtain comparable structures for the different supramolecular complexes.
Several host-guest arrangements were found for the smallest host 6 when bound to C 60 (6a-c·C 60 , Figure 7 ). In the minimum-energy geometry of 6a·C 60 , the peripheral benzene arms of the host arrange in an open-like shape, embracing the fullerene guest with a combination of - (central and peripheral benzenes; distances a and d, respectively, in Figure 7 ) and CH··· (triazole and methylene moieties; b and c) interactions (Table 2 ). This supramolecular arrangement is computed with the largest interaction energy (E int = -30.91 kcal/mol) among the different conformations found for 6·C 60 (Table 3) . By displacing the peripheral benzenes away from C 60 , it is possible to estimate the supramolecular stabilization due to the tweezer core only (6b·C 60 ), which is predicted to be -23.53 kcal/mol. Finally, another conformer 6c·C 60 , in which the host wraps itself and covers C 60 in a crown shape with a series of - and CH··· interactions (Table 2) , is found also with high stability (E int of -30.58 kcal/mol). The host disposition in 6c·C 60 is hindered for larger exTTF and TCAQ-based tweezers, and thus a similar conformation is not found in 4-5·C 60 . Otherwise, supramolecular assemblies analogous to 6a·C 60 are obtained as the most stable complexes for 4-5·C 60 (Figure 7 ). Compared to 6·C 60 , the interaction energy notably increases in 4·C 60 and 5·C 60 (-51.45 and -49.69 kcal/mol, respectively) as a result of the additional - interactions originated between the concave part of the tweezer arms (exTTF or TCAQ) and the convex region of C 60 ( Figure 7 and Table 2 ).
[10a,28] The amount of noncovalent interactions can be visualized by analysis of the noncovalent index (NCI) for the host-guest assemblies (see Figure S26) . Theoretical calculations therefore suggest that an extension of the peripheral -conjugated arms from benzene in 6 to exTTF in 4 and TCAQ in 5 is accompanied by an enhanced interaction with the fullerene guest due to the favourable concave-convex complementarity of the peripheral exTTF and TCAQ units with the C 60 guest. The interaction energy is an accurate descriptor to estimate the binding energy in a supramolecular aggregate when the constituting molecular entities are rigid. However, the energy penalty required for the monomers to acquire their geometry in the complex must be considered when at least one of the moieties presents flexibility. The binding energy (E bind ) was therefore calculated as ∆ ∆
where E int and E def are the interaction and deformation energy, respectively (see the Experimental Section for further details). Due to the large conformational space of the molecular tweezers 4-6 and the rigidity of the fullerene moiety, the deformation energy can be ascribed to the host only (E def  E def,host ). Minimum-energy geometries for the isolated hosts 4-6 show that the peripheral arms twist to self-interact ( Figure 8a ). The NCI analysis predicts a series of intramolecular noncovalent interactions that stabilize the folded conformation compared to the open disposition in the supramolecular complex ( Figure 8b , and Figures S27 and S28 ). The deformation energy is calculated between +1.92 and +10.20 kcal/mol for 6 depending on the conformer (Table 3) . Structure 6c provides the lowest E def value as the favourable intramolecular interactions still remain upon formation of the host-guest complex ( Figure S28 ). Moving to larger hosts 4 and 5, the deformation energy significantly increases to +19.44 and +19.05 kcal/mol, respectively. This increase in E def results from the large amount of noncovalent interactions that have to be suppressed in going from the minimum-energy geometry of the isolated host to its disposition in the aggregate (see Figure 8b for 4). The deformation energy therefore counterbalances the large and negative interaction energy calculated in our tweezer·C 60 complexes, and allows a more accurate determination of the binding energy (E bind ). Theoretical binding energies show that the crown-like conformer 6c provides the larger stability for the benzene-based 6·C 60 assembly, as a result of the small host deformation penalty, with an E bind of -28.67 kcal/mol (Table 3 ). Moving to the exTTF and TCAQ tweezers, the binding energy barely increases due to the large and positive E def values, and E bind values of -32.01 and -30.64 kcal/mol are predicted for 4·C 60 and 5·C 60 , respectively. Theoretical calculations therefore indicate that the enhanced interaction between hosts 4-6 and the fullerene guest upon increasing the size of the -conjugated arms of the tweezer is compensated by an increase in the deformation energy penalty. This results into similar binding energies of ca. -30 kcal/mol calculated for the three host-guest assemblies, and allows explaining the negligible effect of the tweezer size into the experimental association constants. The deformation energy penalty also explains the similar values obtained for the association constant of 4-5•C 60 compared with structurally related tweezers holding a smaller but more rigid central scaffold. [15] 
Conclusions
The synthesis and characterization of SWCNT and MWCNT nanoconjugates endowed with a tweezer-like receptor based on exTTF was described. The exTTF receptor recognizes C 60 units both in the free state and when covalently attached to SWCNTs and MWCNTs, with values for the association constant K a in a range of similar reported hosts (ca. 10 3 M -1
). [14] The study was extended to analogous systems based on TCAQ and benzene rings as recognitions motifs. A comprehensive analysis on the nature of the host-guest interaction was performed by 1 H NMR and theoretical methods. The three analogous 4-6 hosts, bearing different recognition motifs (exTTF, TCAQ, and phenyl), have similar contributing forces to the overall stability of the system, particularly relevant in 1 H NMR titration experiments are the interactions of C 60 with the central phenyl ring and the C−H in the triazole ring of the hosts. By means of theoretical calculations, the nature of the supramolecular recognition was elucidated, and the negligible effect of the tweezer size into the experimental binding constants was rationalized by a compensation between interaction and deformation energies.
Experimental Section Materials and General Methods
HiPco SWCNT were purchased from Carbon Nanotechnologies (lot: P0261, purity >82 %, <18 % remaining iron particles, length = 100-1000 nm, diameter = 0.8-1.4 nm) and used without any further purification treatment. MWCNT were synthesized by CVD using Fe/Al 2 O 3 as catalyst at 650 °C. [29] The starting MWCNT can attain 10 μm in length and most of them exhibit closed ends. The internal diameter varies between 4 and 12 nm, while the external goes from 8 to 21 nm. Organic solvents and reagents used in this work were purchased from commercial suppliers and used as received, unless stated otherwise. 3,5-bis(propargyloxy)benzyl chloride 1, [18] 2-(azidomethyl)-9,10-bis-(1,3-dithiol-2-ylidene)-9,10-dihydroanthracene 2, [19] 2-(azidomethyl)anthraquinone, [26] 5-(chloromethyl)-1,3-bis(((9,10-bis(dicyanomethylidene)-9,10-dihydroanthracen-2-yl)methyl)-1H-4-(1,2,3-triazolyl)methyloxy) benzene 6, [18] and SWCNT-1 and MWCNT-1, [16] were synthesized by following the previously reported methods or slightly modified procedures.
General Methods
NMR spectra were recorded on a Bruker Avance 300 spectrometer at 298 K using partially deuterated solvents as internal standards. Coupling constants (J) are denoted in Hz and chemical shifts (δ) in ppm. Multiplicities are denoted as follows: s = singlet, d = doublet, t = triplet, m = multiplet, br = broad. FTIR spectra were carried out using pellets of dispersed samples of the corresponding compounds in dried KBr. The instrument used was a Bruker TENSOR FTIR. The spectral range was 4000-400 cm -1 . Matrix-assisted laser desorption ionization (coupled to a time-of-flight analyzer) experiments (MALDI-TOF) were recorded on a Bruker REFLEX spectrometer. Absorption spectra were recorded with a Varian Cary 50 spectrophotometer and a Varian Cary 5000 spectrometer. TGA analyses were carried out under air and nitrogen in a TA-TGA-Q500 apparatus. The sample (~ 0.5 mg) was introduced inside a platinum crucible and equilibrated at 90 ºC followed by a 10 °C min -1 ramp between 90 and 1000 °C. XPS analyses were carried out using a SPECS GmbH (PHOIBOS 150 9MCD) spectrometer operating in the constant analyzer energy mode. A non-monochromatic aluminium X-ray source (1486.61 eV) was used with a power of 200 W and voltage of 12 kV. Pass energies of 75 and 25 eV were used for acquiring both survey and high resolution spectra, respectively. Survey data were acquired from kinetic energies of 1487-400 eV with an energy step of 1 eV and 100 ms dwell time per point. The high resolution scans were taken around the emission lines of interest with 0.1 eV steps and 100 ms dwell time per point. SpecsLab Version 2.48 software was used for spectrometer control and data handling. The semi-quantitative analyses were performed from the C 1s (284.3 eV) signal. The samples were introduced as pellets of 8 mm diameter. Raman spectra were recorded on Renishaw in Via Microscope at room temperature using an exciting laser source of 785 nm. TEM micrographs were obtained using a JEOL 2100 microscope operating at 200 kV. The samples were dispersed in DMF, sonicated for 5 minutes, and the resulting suspension dropped onto a holey carbon copper grid (200 mesh), the solvent was allowed to evaporate before analysis.
Theoretical Calculations
Density functional theory calculations were performed to quantify the affinity of our tweezers towards fullerene recognition by using the Gaussian-09.D01 suite of packages. [30] First, we optimized the structure of the host-guest complexes with the Grimme's dispersion-corrected B97D functional, [31] which has demonstrated a great accuracycomputational cost trade-off. [32] The popular and cost-effective Pople's 6-31G** basis set was used throughout. [33] Note that we do not include the counterpoise correction to the basis set superposition error as there is still debate on its usefulness. [34] Minimum-energy geometries were also obtained for the constituting monomers at the B97D/6-31G** level. Due to the large conformational space of the flexible tweezers, several conformers were optimized, and only the most stable ones are discussed. Symmetry-restricted C s optimizations, with a symmetry plane cutting perpendicularly the central phenyl ring, were performed to obtain comparable structures between the different complexes. The binding energy (E bind ) was calculated according to:
where E int and E def are the interaction and deformation energy, respectively. E int is the stabilizing energy between the two monomers when combined in the dimer, and is defined as:
∆ where denotes the energy of system X at the geometry of system Y, being the system either one of the two monomers A and B or the complex AB. Otherwise, E def is the energy penalty required for the monomers to move from their relaxed geometry to the geometry in the dimer, and is calculated according to:
The deformation energy in our host-guest complexes mainly arises from the tweezer receptor, which has a large conformational space, whereas fullerene barely contributes due to its rigid skeleton. Thus,
The noncovalent index (NCI) was calculated for the hosts and host-guest complexes by using the NCIPLOT-3.0 software. [35] The PROMOLECULAR densities were employed, along with density and reduced density gradient thresholds of 0.2 au and 1.0, respectively, and a discarding density parameter of 0.95 au for the intermolecular NCI selection. Geometry structures were represented using the Chemcraft software, [36] whereas the NCI surfaces were plotted through the VMD-1.9.3 program. [37] Synthesis 5- (Chloromethyl)-1,3-bis(((9,10-di(1,3-dithiol-2-ylidene)-9 ,10-dihydroanthracen-2-yl)methyl)-1H-4-(1,2,3-triazolyl)methyloxy) benzene (3): A DMSO suspension of 2 [19] (0.150 g, 0.345 mmol), 3,5-bis(propargyloxy)benzyl chloride 1 [18] (0.041 g, 0.173 mmol), CuBr·SMe 2 (0.014 g, 0.07 mmol), sodium ascorbate (0.009 g, 0.07 mmol), and copper wires were sealed under Ar atmosphere and irradiated under microwave conditions (110 ⁰C, 850 W) during 2 hours. The resulting dark solution was percolated through a small column containing Quadrasil  MP to remove the remaining copper.
Ethanol was then added to precipitate the desired product that after several cycles of centrifugation and washing with EtOH was isolated as a dark yellow solid (65 %). M.p. 275-277 ºC; )-1,3-bis(((9,10-di(1,3-dithiol-2-ylidene)-9,10-dihydroanthracen-2-yl)methyl)-1H-4-(1,2,3-triazolyl) 2-Azidomethyl-9,10-bis-(dicyamomethylen)anthracene: A solution of 2-(azidomethyl)anthraquinone [26] (0.16 g, 0.61 mmol) and malonitrile (0.10 g, 1.52 mmol) in CHCl 3 (50 mL) was heated under Ar atmosphere at 65 ⁰C. Then, TiCl 4 and pyridine were added dropwise, keeping the solution stirring at this temperature 24 hours. The same amounts of malonitrile, TiCl 4 and pyridine were added again, and the stirring maintained for another 24 hours. The reaction mixture was left to reach r.t. and filtered over celite, washed with water, dry over Na 2 SO 4 , and filtered. The crude was taken to dryness and then purified by silica gel column chromatography using a hexane/DCM (2/1) mixture as eluent to yield a yellow solid (90 %). M.p. 292-294 ºC; 
5-(Azidomethyl
SWCNT-2:
The alkyne functionalized SWCNT-1 [16] (20 mg) were suspended in NMP (20 mL) with 0.08 mL of tetra-n-butylammonium fluoride (TBAF) (1 M in THF) (0.27 μmol) for two hours to cleavage the TMS protecting groups. Subsequently, receptor 4 (0.05 mmol), copper sulfate (3.1 μm), sodium ascorbate (31.3 μm), and some copper wires were added. After 24 hours at 70 °C, the reaction mixture was filtered and washed over a polytetrafluoroethylene (PTFE) membrane several times with NMP, CH 2 Cl 2 , and MeOH (sonicated, centrifuged, and filtered) until the filtered solution remained colourless to remove the non reacted material. In a second washing step, the solid was washed with water to eliminate the copper catalysts. FTIR (KBr):  = 2900 (C−H stretching mode) and 1597 (C−H in-plane stretching mode) cm 
MWCNT-2:
A NMP (20 mL) solution of MWCNT-1 [16] (30 mg) containing 0.2 mL of TBAF (1M in THF) (0.27 μmol) was stirred under inert atmosphere for two hours to eliminate the TMS protecting groups. Receptor 4 (0.05 mmol), copper sulfate (3.1 μm), sodium ascorbate (31.3 μm), and some copper wires were added to the previous solution and reacted for 24 hours at 70 °C to obtain the click chemistry resulting product MWCNT-2. The reaction mixture was filtered over a PTFE membrane and subsequently washed with NMP, CH 2 Cl 2 , and MeOH until the filtered solution remained colorless, to remove the non-reacted material. The copper catalyst was removed on a final washing step using water. FTIR (KBr):  = 2900 (C−H stretching mode) and 1585 (C−H inplane stretching mode) cm 
